Introduction {#s1}
============

As of 2016/17, approximately 420 000 people aged 65 years or over live in care homes across the UK.[@R1] Care homes offer accommodation and personal care (such as help with washing, dressing and taking medicines) to residents 24 hours a day; if they also provide 24 hours' access to a qualified nurse they are known as nursing homes, otherwise they are residential care homes.[@R2] Older people living in care homes increasingly have complex health and care needs, including dementia, progressive frailty and need for end-of-life care.[@R3] Caring for older care home residents is a key priority for the health and care system in England,[@R10] as in many other countries, yet the quality of care received varies between care homes.[@R13]

Following the National Health Service (NHS) Five Year Forward View in England,[@R19] New Care Models vanguards were established, including six Enhanced Health in Care Homes (EHCH) pilots in 2015. The EHCH framework aimed to offer older people living in care homes better, joined-up health, care and rehabilitation services.[@R20] A key measure for success of the pilots was reduced emergency hospital use,[@R3] since emergency admissions can be detrimental to older people's health and well-being,[@R21] exposing them to stress and risk of infection,[@R23] as well as being costly to the NHS. Although emergency admissions are often necessary,[@R24] many emergency admissions may be avoidable and could have been managed outside of a hospital setting.[@R21] Overall, aggregate figures of EHCH vanguards indicate that emergency admission rates from participating care homes remained broadly stable between 2014/2015 and 2017/2018, compared with higher rising rates for non-vanguard care homes over the same period.[@R29] There is likely to be substantial variation within this picture, and a need to identify which elements of the interventions can reduce emergency admissions, for whom and in which contexts. This is particularly relevant as the NHS announced in January 2019 its 10-year Long Term Plan, which commits to improving NHS support to all care homes, including stronger links between care homes and primary care services and more support by a consistent team of health professionals. This includes rolling out the EHCH model[@R20] across all of England.[@R12]

There is little research into which interventions improve care and reduce hospital admissions from care homes; moreover, the available evidence is often of low quality.[@R30] The evidence on reducing emergency admissions is mixed.[@R3] However, our recent evaluation of an enhanced support package in Rushcliffe, which included regular visits from named general practitioners (GP) and additional training for care home staff, showed that older people moving to participating care homes had significantly lower rates of Accident & Emergency (A&E) attendances and emergency admissions than a matched control group.[@R35] Looking more broadly at the body of evidence on improving care in care homes, there is promising evidence emerging.[@R32] For example, there are indications that training and support can lead to changes in staff priorities and practices.[@R48] There are several themes emerging, often in combination: multidisciplinary, partnership working and good working relationships between care home staff, GPs and other healthcare professionals[@R3]; training for care home staff[@R15]; the use of data for monitoring residents' outcomes[@R43]; better preventative assessment and care management[@R40]; advance care planning[@R40]; end-of-life care planning[@R31]; and medicines management.[@R32]

Although residential and nursing homes may differ in both context (eg, nursing provision) and resident characteristics,[@R58] there is, to our knowledge, no research into understanding how these differences may affect the outcomes of improvement programmes in care homes. The vast majority of studies either do not distinguish between residential and nursing homes or evaluate only one care home type. Furthermore, differences in interventions and study design make any patterns in study results between care home types difficult to discern.

There is, however, some evidence of variability between residential and nursing homes.[@R16] For example, medication administration errors may be less likely among nursing homes.[@R61] Residential care home residents may have higher ambulance call rates[@R62] and higher emergency admission rates[@R63] than nursing home residents. There are indications that GPs visit nursing home more regularly than residential care homes[@R43] and that nursing homes are more likely than residential care homes to have an aligned general practice and to pay a general practice to provide services,[@R65] even though residential care home residents may also have needs requiring healthcare support.[@R43]

The current study expands on the previous evaluation of the Principia enhanced support in Rushcliffe by examining the effect on hospital use in residential and nursing homes separately, and assessing whether the effect differed between care home types. Such information might inform both NHS England and healthcare teams looking to make improvements in care homes. Our analysis was specified a priori in the statistical analysis protocol written for the original evaluation[@R66] and is based on the same study period as that evaluation.

Methods {#s2}
=======

The enhanced support intervention {#s2-1}
---------------------------------

The enhanced support was introduced in April 2014 for all care homes in Rushcliffe that care specifically for older residents, as well as two additional care homes in the nearby vicinity (14 residential and 10 nursing homes in total). It was developed by Principia, a local partnership of GPs, patients and community services, together with care home managers and the Rushcliffe Clinical Commissioning Group (CCG) lead. Principia became a Multidisciplinary Community Provider New Care Model vanguard in 2015.

Although the enhanced support was introduced before the EHCH vanguards, it shares elements of the EHCH model[@R20] and our earlier evaluation was quoted in the Long Term Plan as an example of a successful implementation of the model.[@R12] During the period of our study (17 August 2014 to 14 August 2016), the enhanced support consisted of four components.

1.  Each care home was aligned with a general practice, which care home residents within the home were encouraged to register with, though this was not compulsory. Within each practice there was one named GP who visited the home on a regular (weekly or fortnightly) basis, meeting with those residents who were registered with the general practice as needed and proactively reviewing their medications and care plans. This ensured continuity of care for the residents and the development of personal relationships between the GP and both residents and staff. There was also a deputy GP who would step in if the regular named GP was absent. Needs were identified and discussed during the ward rounds. New residents were reviewed, including having comprehensive geriatric assessments. Principia estimated that approximately 90% of residents were registered with the aligned GP.

2.  A programme of work engaging care home managers aimed to improve relationships between care providers working in different settings, promoting shared ownership and consistency of approach. This included a care home managers' network that met bimonthly and a monthly task group meeting between representatives of all members of the team.

3.  The charitable organisation Age UK Nottingham and Nottinghamshire aimed to supply independent information to residents and their families to inform their decision about whether to change to the aligned local general practice after moving to the care home and, more generally, provide a safe and trusted point of contact for residents. Age UK Nottingham and Nottinghamshire also facilitated the care home managers' network.

4.  Community nurses provided training to care home staff on an ad hoc basis, for example, following staff changes, changes to guidelines, requests from care managers or staff, or when community nurses or GPs identified a need. Training was provided on, for example, falls, heart failure, palliative care, wound care, catheter care, sepsis training and pressure sore management. Community nurses were not formally instructed in how to deliver this training but standardised slides were used for training purposes. They referred to or provided information on existing specialist community services; offered peer-to-peer support to nurses in nursing homes; and accompanied GPs on the regular resident review rounds in residential care homes. There were three teams of community nurses in Rushcliffe, each with responsibility for a group of care homes, thereby ensuring continuity of care for residents.

All four components were implemented in both residential and nursing homes, though with some differences. The training and support element (4) was delivered to all healthcare assistants in both nursing and residential care homes, but was optional for nurses in nursing homes. An important distinction was that community nurses typically attend nursing homes less frequently than residential care homes, since nursing homes employ their own nurses. Therefore, there were fewer opportunities for community nurses to recognise demand for training or share information and good practice in nursing homes than in residential care homes. However, a community nurse with a special interest in palliative care visited both residential and nursing homes regularly, providing end-of-life training, including pain management. Falls specialists delivered training to staff in both types of care home, including nurses, carers, administrative staff, ancillary staff and kitchen staff. Community nurses provided peer-to-peer nurse support in nursing homes only. In residential homes, the GP was accompanied on the ward rounds by a community nurse and either the care home manager or senior carer; in nursing homes, they were accompanied by an in-house nurse or the care home manager.

Study outcomes {#s2-2}
--------------

The enhanced support aimed to improve residents' care, involvement in decisions about their care and quality of life. Consistent with the overall aims of the EHCH vanguards, there were specific objectives to reduce secondary care use, including A&E attendances and emergency admissions.

The primary outcome of interest for our study was potentially avoidable emergency admissions, identified based on the primary diagnosis recorded in hospital administrative data. These were unplanned admissions for conditions that were potentially manageable, treatable or preventable outside of a hospital setting, or for conditions that could be caused by poor care or neglect.[@R67] The list of conditions was developed by the Care Quality Commission (CQC) as part of their analysis on older people experiencing health and social care. Conditions included acute and chronic lower respiratory tract infections, decubitus ulcers (pressure sores), diabetes, food and drink issues, food and liquid pneumonitis, fractures and sprains, intestinal infections, pneumonia and urinary tract infections. For example, some fractures may be avoidable with appropriate risk assessment and falls prevention and urinary tract infections may be treatable within the community or care home. However, context is also a factor in determining whether a 'potentially avoidable' admission could in fact have been avoided. For example, if a residential care home resident had pneumonia, hospital admission may be the most effective way of eliminating the infection quickly, whereas the available nursing support in a nursing home may have been able to oversee treatment of the same condition within the nursing home. Admissions for these conditions cannot always be avoided. However, the enhanced support available in care homes could be expected to have greater impact on admissions for these conditions than others.

Other outcomes were emergency admissions (defined as any admission to hospital that was urgent and unexpected, that is, unplanned, and occurring either via A&E departments or directly via GPs or consultants in ambulatory clinics); A&E attendances (regardless of whether the person was subsequently admitted); number of hospital bed days (calculated as number of nights during which a resident was a hospital inpatient following emergency or elective admission); and attendances at outpatient departments (excluding instances where the patient did not attend a booked appointment). Furthermore, we analysed the proportion of deaths outside of hospital. This was a proxy for residents dying in their place of choice. Although we considered the number of elective admissions, results are not presented here due to the small number of events in the residential and nursing subgroups.

Hospital use was measured over the period during which individuals were resident in a care home, beginning from the month of moving into the home and ending in the month of moving out or death (or the end of our study period on 14 August 2016 if earlier). Outcomes were therefore measured over a maximum of 23 months, but over varying study durations for each resident depending on when they lived in the care home.

Data sources and linkage {#s2-3}
------------------------

We used pseudonymised administrative data from the Secondary Uses Service (SUS), a national database of all inpatient admissions, A&E attendances and outpatient appointments funded by the NHS in England. One challenge for our study was that SUS data do not accurately record whether an individual lives in a care home. We therefore identified residents of care homes from the National Health Applications and Infrastructure Services (NHAIS) database, which contains information on all registrations with general practices in England, including each patient's residential address and death information. From NHAIS, we received pseudonymised extracts for each month between August 2014 and August 2016 (with each extract created at 06:00 on the first Sunday after the 13th of each month). From these NHAIS extracts, we extracted a list of unique address fields for people aged 65 or over living at a care home postcode within the geographical areas of interest. These were isolated from any identifiable data and manually cross-referenced with the addresses of care homes registered with CQC, the health and social care service regulator in England, within a secure data environment. This information was then used by the Arden & Greater East Midlands Data Services for Commissioners Regional Office to create a pseudonymised database containing every care home stay that began between 17 August 2014 at 06:00 and 17 July 2016 at 06:00 and including the dates of the care home stay, date of death (where applicable) and some limited information about each care home, such as care home type and number of beds, derived from CQC data. The pseudonymised database of care home stays was then linked to the SUS data. In this way, we were able to identify care home residents more precisely than we could from SUS data alone.

Study populations {#s2-4}
-----------------

In order to create a 'pool' of potential control residents from which the matched controls could be drawn,[@R69] we selected six local authorities in England that were similar to Rushcliffe in terms of demographics, socioeconomic characteristics and age standardised emergency admission rates in the period prior to the introduction of the enhanced support.[@R70] The process was based on the method applied by the Office for National Statistics[@R71] to determine comparable health areas in England. Any local authorities with area-wide interventions relating to care homes deemed untypical of usual care that we were aware of were excluded from the list, including EHCH vanguard sites.[@R3] The final list of six comparison areas were Harborough, Blaby, Test Valley, South Cambridgeshire, Chelmsford and Brentwood.

Care homes were considered for inclusion in the study if they cared for adults over 65 years (according to care home criteria defined by CQC),[@R73] and either offered the enhanced support or were located in one of the six comparison areas. However, one Principia care home was excluded as only around half of its residents received enhanced support under a Principia-led general practice, thus leaving 23 care homes for older people in the Principia group.

Residents were considered for inclusion in the study if they moved into one of the care homes between 17 August 2014 and 17 July 2016 when aged 65 or over. Residents who moved in earlier were excluded, as hospital activity is likely to differ depending on whether a person lives at home or in a care home and may also change depending on length of time spent in a care home. As NHAIS extracts before August 2014 were unavailable, it was not possible to determine move-in dates prior to that and therefore to match reliably on prior hospital use. As the enhanced support was introduced in April 2014, this allowed in effect for a 'bedding-in' period for the care homes of approximately 5 months. We excluded residents without a record of prior inpatient admission in the 2 years before moving to the care home, as prior hospital data were required to define certain baseline resident characteristics such as health conditions. People who were known to have previously lived in a care home (whether in Rushcliffe or in a comparison area) were also excluded.

The residential and nursing home subgroups were determined by information provided from the CQC database. Some care homes are 'dual registered', that is, provide care both with and without nursing but the CQC database lists these as 'nursing homes'; therefore, the nursing home population in this study will include some residents receiving only residential care. [Online supplementary file 1](#SP1){ref-type="supplementary-material"} displays a flow diagram with details of inclusion/exclusion criteria.
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Matching {#s2-5}
--------

Principia care home residents were matched to control residents moving to a care home in the comparison areas on a range of characteristics. These included both resident characteristics, such as age, gender, health conditions and prior hospital use; and care home characteristics, such as number of beds ([tables 1 and 2](#T1 T2){ref-type="table"}). Health conditions included those linked to frailty, such as incontinence, mobility problems and pressure ulcers,[@R74] and conditions predictive of emergency readmission, such as renal disease and metastatic cancer.[@R76] These baseline variables were chosen for their potential ability to predict future emergency hospital use and therefore, if they differed between care home residents in Rushcliffe and the comparison areas, could be confounders.

###### 

Baseline resident characteristics after matching (figures show per cent of residents unless otherwise stated)

                                                                                                                                             Residential care homes   Nursing homes                                 
  ------------------------------------------------------------------------------------------------------------------------------------------ ------------------------ ---------------------- ---------------------- ----------------------
  Total number of residents (residencies)                                                                                                    203                      203                    365                    365
  Total number of unique residents                                                                                                           203                      166                    365                    263
  Median age, years (IQR)                                                                                                                    88.46 (83.72, 93.34)     89.04 (85.22, 92.33)   85.63 (80.80, 90.22)   86.72 (82.04, 90.13)
  Male                                                                                                                                       28.6%                    26.6%                  42.7%                  40.5%
  White                                                                                                                                      86.7%                    85.7%                  89.9%                  84.1%
  Charlson index, based on health conditions recorded in 2 years prior to moving to the care home, mean (SD)                                 1.88 (1.53)              1.81 (1.57)            2.52 (1.95)            2.45 (1.87)
  Number of conditions linked to frailty recorded in 2 years prior to moving to the care home, mean (SD)                                     2.03 (1.66)              1.89 (1.56)            2.19 (1.58)            2.03 (1.40)
   Anxiety or depression                                                                                                                     18.2%                    15.8%                  15.6%                  20.5%
   Cognitive impairment                                                                                                                      50.2%                    48.3%                  58.1%                  54.0%
   Functional dependence\*                                                                                                                   25.1%                    24.1%                  23.8%                  15.9%
   Fall or significant fracture                                                                                                              53.2%                    49.3%                  52.1%                  46.8%
   Incontinence                                                                                                                              11.3%                    8.4%                   15.1%                  9.3%
   Mobility problems                                                                                                                         22.7%                    22.2%                  26.8%                  27.9%
   Pressure ulcers                                                                                                                           7.9%                     6.9%                   8.8%                   16.4%
  Other health conditions recorded in the 2 years prior to moving to the care home that were considered predictive of hospital readmission                                                                          
   Metastatic cancer with solid tumour                                                                                                       Freq \<10                Freq \<10              7.7%                   6.0%
   Other malignant cancer                                                                                                                    9.4%                     9.4%                   19.5%                  15.1%
   Chronic pulmonary disease                                                                                                                 13.3%                    9.4%                   20.0%                  17.5%
   Congestive heart failure                                                                                                                  15.8%                    10.3%                  16.2%                  23.8%
   Dementia                                                                                                                                  52.2%                    49.8%                  53.4%                  49.9%
   Diabetes with chronic complications                                                                                                       Freq \<10                Freq \<10              2.7%                   2.7%
   Hemiplegia or paraplegia                                                                                                                  Freq \<10                Freq \<10              4.1%                   4.7%
   Moderate or severe liver disease                                                                                                          Freq \<10                Freq \<10              Freq \<10              Freq \<10
   Other liver disease                                                                                                                       Freq \<10                Freq \<10              2.7%                   Freq \<10
   Peripheral vascular disease                                                                                                               Freq \<10                Freq \<10              7.9%                   7.9%
   Renal disease                                                                                                                             Freq \<10                Freq \<10              Freq \<10              Freq \<10
  Hospital use prior to moving to the care home, mean (SD)                                                                                                                                                          
   Potentially avoidable emergency admissions in prior year                                                                                  0.45 (0.68)              0.41 (0.66)            0.51 (1.03)            0.57 (0.93)
   Potentially avoidable emergency admissions in year before prior year                                                                      0.12 (0.41)              0.11 (0.41)            0.16 (0.53)            0.17 (0.49)
   Emergency admissions in prior year                                                                                                        1.61 (1.39)              1.49 (1.08)            1.76 (1.56)            1.78 (1.51)
   Emergency admissions in year before prior year                                                                                            0.59 (1.06)              0.49 (0.92)            0.66 (1.22)            0.69 (1.05)
   A&E attendances in prior year                                                                                                             1.65 (1.63)              1.70 (1.35)            1.68 (1.52)            1.76 (1.68)
   Hospital bed days in prior year                                                                                                           24.29 (27.32)            24.70 (27.38)          45.78 (46.63)          43.99 (43.37)
   Elective admissions in prior year                                                                                                         0.24 (0.50)              0.17 (0.43)            0.43 (1.19)            0.37 (1.17)
   Outpatient attendances in prior year                                                                                                      3.45 (4.04)              2.60 (4.17)            4.51 (7.18)            3.78 (5.84)

All percentages are based on number of residents (residencies). Percentages are suppressed where there was an underlying frequency of less than 10. See [online supplementary file 3](#SP3){ref-type="supplementary-material"} for an assessment of the balance between Principia and the matched control groups.

\*Functional dependence indicates a change in discharge destination from hospital to an institution providing more social and functional support than at hospital admission.

A&E, Accident & Emergency.
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###### 

Baseline care home characteristics after matching (figures show per cent of care homes unless otherwise specified)

                                                         Residential care homes   Nursing homes                   
  ------------------------------------------------------ ------------------------ --------------- --------------- ---------------
  Number of residents (residencies)                      203                      203             365             365
  Number of care homes                                   13                       47              10              27
  Number of beds per care home, mean (SD)                38.25 (20.03)            38.89 (17.54)   52.05 (16.81)   54.51 (25.49)
  Care home registered as caring for older people only   100.0%                   100.0%          78.4%           78.4%
  Rural setting                                          56.2%                    52.7%           55.3%           39.5%
  Index of Multiple Deprivation (IMD) quintile                                                                    
   1 (most deprived)                                     N/A                      0%--5%          N/A             0%--5%
   2                                                     N/A                      0%--5%          N/A             0%--5%
   3                                                     25%--30%                 15%--20%        N/A             0%--5%
   4                                                     0%--5%                   25%--30%        55%--60%        55%--60%
   5 (least deprived)                                    65%--70%                 50%--55%        40%--45%        40%--45%
  Care home location (local authority)                                                                            
   Principia\*                                           100.0%                   0.0%            100.0%          0.0%
   Harborough                                            N/A                      18.7%           N/A             3.0%
   Blaby                                                 N/A                      15.3%           N/A             7.4%
   Test Valley                                           N/A                      8.4%            N/A             37.3%
   South Cambridgeshire                                  N/A                      22.2%           N/A             27.1%
   Chelmsford                                            N/A                      19.2%           N/A             13.2%
   Brentwood                                             N/A                      16.3%           N/A             12.1%

All percentages are based on number of residents (residencies). For IMD quintiles, ranges are provided to ensure that the percentages are not disclosive. See [online supplementary file 3](#SP3){ref-type="supplementary-material"} for an assessment of the balance between Principia and the matched control groups.

\*Includes Rushcliffe and one care home in a neighbouring area receiving Principia enhanced support.

N/A, not applicable.

We performed the matching separately for residential and nursing homes, using Genetic Matching, a computer intensive search algorithm that can produce more closely balanced groups than traditional methods based on the propensity score.[@R77] Matching was done with replacement, that is, a control resident could be matched to more than one Principia resident.[@R78] The similarity of the Principia and matched control groups was judged separately for residential and nursing homes using the standardised mean difference, defined as the difference in means between the Principia and control group as a proportion of the SD in the Principia group.[@R78] If the standardised mean difference for a baseline variable is within the ±10% threshold, then we considered that variable to be balanced.[@R79]

Statistical approach {#s2-6}
--------------------

We assessed the difference in hospital use between Principia and matched control residents for each care home type by fitting multivariable regression models. We did this, rather than fitting a model with an interaction term to data from both residential and nursing homes, as we were interested in understanding the effect of enhanced support within each care home type's context and patient population. However, we also assessed whether there was any difference in the rate ratios between care home types by fitting a multivariable regression model to data from both residential and nursing homes, and including an interaction term between the intervention assignment and the care home type.

For each outcome, several models were explored to determine which most appropriately fitted the data. Reviewed modelling options included different model specifications (eg, Poisson, Negative Binomial) and different sets of covariates, taking into account data sparsity (see [online supplementary file 2](#SP2){ref-type="supplementary-material"} for details of final models). All baseline characteristics presented in [tables 1 and 2](#T1 T2){ref-type="table"} were potential covariates. Where a similarly good fit was observed for different models of a given outcome, we typically opted for the model that adjusted for the largest covariate set not leading to overparametrisation.
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Sensitivity analyses {#s2-7}
--------------------

We also calculated crude rates of hospital activity in residential and nursing homes across England for the period 18 January 2015 to 15 January 2017. The same inclusion/exclusion criteria were applied as detailed above, that is, new residents aged 65 or over moving to care homes caring for older people during the study period and who had an inpatient admission in the 2 years prior to moving in. Although rates in the matched control subgroups were not expected to be representative of the country as the comparison areas were chosen to be similar to Rushcliffe, by calculating crude rates of emergency hospital use for residents aged 65 or over moving to care homes across England we aimed to frame our results within the national context. National care home residents were identified using similar methods as detailed above, with the exception of using automated address cleaning software provided by Experian.[@R80] This software assigns a standardised address format to each address that can be used to match addresses electronically; this was necessary given the size of the national data.

Results {#s3}
=======

Study populations {#s3-1}
-----------------

After applying the inclusion and exclusion criteria, 203 residents moving to 13 Principia residential care homes and 365 residents moving to 10 Principia nursing homes were included in the study: see flow diagram, [online supplementary file 1](#SP1){ref-type="supplementary-material"}. As expected, given that residential care homes do not provide in-house nursing care, Principia residential care residents had on average fewer health conditions than Principia nursing residents (eg, cancer and chronic pulmonary disease), and a lower Charlson score (1.88 vs 2.52) ([table 1](#T1){ref-type="table"}). They also had lower levels of hospital use prior to moving to the care home and fewer died during the study period (27% vs 41%, [table 3](#T3){ref-type="table"}). Principia residential care residents had, however, similar levels of frailty to their nursing home counterparts, as measured by items such as the number of hospital admissions relating to falls/significant fractures prior to moving to the care home. Residential care homes were in general smaller than nursing homes (mean 38 vs 52 beds). None of the Principia care homes were located in the most deprived areas of England, as measured by the Index of Multiple Deprivation ([table 2](#T2){ref-type="table"}).

###### 

Crude rates of secondary use (number of events per person per year)

                                               Residential care homes   Nursing homes                                                                         
  -------------------------------------------- ------------------------ --------------- ------------ --------------- ----------- --------------- ------------ ---------------
  Total number of residencies                  203                                      203                          365                         365          
  Total number of unique residents             203                                      166                          365                         263          
  Person-years of follow-up                    145.3                                    139.3                        182.1                       189.6        
  Potentially avoidable emergency admissions   29                       0.20            56           0.40            44          0.24            38           0.20
  Emergency admissions                         86                       0.59            129          0.93            124         0.68            100          0.53
  A&E attendances                              119                      0.82            185          1.33            124         0.68            131          0.69
  Hospital bed days†                           5.5 (15.6)               0.035 (0.115)   5.9 (12.4)   0.039 (0.107)   3.5 (8.9)   0.031 (0.094)   3.5 (10.1)   0.034 (0.120)
  Outpatient attendances                       303                      2.09            204          1.46            350         1.92            394          2.08
  Deaths out of hospital (% of all deaths)     40                       74.1%           38           69.1%           127         84.1%           138          88.5%
  Deaths (% of all records)                    54                       26.6%           55           27.1%           151         41.4%           156          42.7%

\*Number of events per person per year.

†Hospital bed days are presented as mean (SD) of the absolute number of bed days (in 'events' column) and of hospital bed days as a proportion of the length of stay in the care home (in the 'crude rate' column).

A&E, Accident & Emergency.

Following matching, in the residential subgroup, matched control residents were similar to Principia residents across most resident and care home characteristics, although the Principia residents had a consistent pattern of slightly higher prevalence of health conditions and hospital use in the period before moving to the care home. In nursing homes, the two groups were somewhat less well balanced, especially on residents' conditions linked to frailty, but there was no pattern to the imbalance ([tables 1 and 2](#T1 T2){ref-type="table"}, [online supplementary file 3](#SP3){ref-type="supplementary-material"}). There were no significant differences in mortality rates between the Principia and the matched control subgroups ([online supplementary file 4](#SP4){ref-type="supplementary-material"}).
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Comparisons of hospital use {#s3-2}
---------------------------

In residential care homes, Principia residents were followed up for an average of 22 months and matched control residents for 21 months. In nursing homes, Principia residents were followed for 15 months and matched control residents for 16 months.

In residential care homes, Principia residents had lower crude rates of potentially avoidable emergency admissions than matched control residents (0.20 vs 0.40 per person per year) ([table 3](#T3){ref-type="table"}). The adjusted rate ratio associated with receiving the enhanced support was 0.50 (95% CI 0.30 to 0.82), equivalent to on average 0.20 less of these admissions per person per year among the Principia residents (95% CI −0.28 to −0.07) ([table 4](#T4){ref-type="table"}, [online supplementary file 4](#SP4){ref-type="supplementary-material"}). The Principia residential care home residents also had lower rates of emergency admissions than matched controls (0.59 vs 0.93 per person per year, adjusted rate ratio 0.60, 95% CI 0.42 to 0.86), equivalent to 0.37 less emergency admissions per person per year (95% CI −0.54 to −0.13). They also had lower A&E attendances (0.82 vs 1.33 per person per year, adjusted rate ratio 0.57, 95% CI 0.40 to 0.81), equivalent to 0.57 less A&E attendances per person per year (95% CI −0.80 to −0.25).

###### 

Results of adjusted regression models

  -------------------------------------------------------------------------------------------------------------------------------------
                                      Relative difference   Absolute difference   P value   Interaction test\            
                                                                                            P value\*                    
  ----------------------------------- --------------------- --------------------- --------- -------------------- ------- --------------
  Residential care homes                                                                                                 

   Potentially avoidable admissions   0.50                  (0.30 to 0.82)        −0.20     (−0.28 to --0.07)    0.007   0.020

   Emergency admissions               0.60                  (0.42 to 0.86)        −0.37     (−0.54 to --0.13)    0.004   0.005

   A&E attendances                    0.57                  (0.40 to 0.81)        −0.57     (−0.80 to --0.25)    0.001   0.008

   Hospital bed days†                 0.81                  (0.43 to 1.53)        −0.007    (−0.022 to 0.021)    0.467   Count: 0.858

  Zero: 0.135                                                                                                            

   Outpatient attendances             1.28                  (0.88 to 1.86)        0.41      (−0.18 to 1.26)      0.169   0.266

   Deaths outside hospital            1.25                  (0.54 to 2.92)        17.3%     (−31.8% to 132.7%)   0.608   0.558

  Nursing homes                                                                                                          

   Potentially avoidable admissions   1.17                  (0.76 to 1.81)        0.03      (−0.05 to 0.16)      0.484   

   Emergency admissions               1.15                  (0.85 to 1.56)        0.08      (−0.08 to 0.30)      0.352   

   A&E attendances                    1.04                  (0.78 to 1.38)        0.03      (−0.15 to 0.26)      0.806   

   Hospital bed days                  1.07                  (0.64 to 1.80)        0.002     (−0.012 to 0.027)    0.790   

   Outpatient attendances             0.97                  (0.71 to 1.32)        −0.06     (−0.60 to 0.67)      0.840   

   Deaths outside hospital            1.00                  (0.40 to 2.49)        0.00      (−53.1% to 131.9%)   0.992   
  -------------------------------------------------------------------------------------------------------------------------------------

All relative differences are rate ratios, apart from deaths outside hospital and deaths, which are ORs. See [online supplementary file 2](#SP2){ref-type="supplementary-material"} for a list of covariates each outcome was adjusted for and for model fit statistics. Absolute differences are calculated by first calculating the relative difference, then multiplying the relative difference with the crude rate in the matched control group, and then comparing the resulting rate to the crude rate.

\*Interaction test of residential versus nursing homes.

†The absolute difference in hospital bed days shows the difference in the proportion of hospital bed days out of the period residents were followed up in the study. The interaction model estimating hospital bed days is a Hurdle model and produces separate effect estimates on whether a resident is hospitalised or not ('Zero' part) and on the number of hospital bed days following hospitalisation ('Count' part).

A&E, Accident & Emergency.

In nursing homes, there was no statistical difference in rates of emergency hospital use between the Principia and matched control residents ([tables 3 and 4](#T3 T4){ref-type="table"}, [online supplementary file 4](#SP4){ref-type="supplementary-material"}).

Across all three measures of emergency hospital use, there were differences in the adjusted rate ratios between residential and nursing homes, with the rate ratios being statistically significantly lower for residential care homes ([table 4](#T4){ref-type="table"}, [online supplementary file 4](#SP4){ref-type="supplementary-material"}).

There was no evidence of a difference between Principia and matched control residents in either residential or nursing homes on total hospital bed days, outpatient attendances or deaths outside hospital. There was also no evidence of a difference in rate ratios between the two care home types for any of these measures ([tables 3 and 4](#T3 T4){ref-type="table"}, [online supplementary file 4](#SP4){ref-type="supplementary-material"}).

Sensitivity analyses {#s3-3}
--------------------

In the above analysis, we noticed that matched control residents of residential care homes had higher emergency hospital use than matched control residents of nursing homes, despite having lower levels of sickness ([tables 1 and 3](#T1 T3){ref-type="table"}). For example, crude rates of emergency admissions in the matched control group were 0.93 per person per year in the residential care homes versus 0.53 in nursing homes. We therefore explored whether a similar pattern existed across similar care home residents in England and found that it does ([table 5](#T5){ref-type="table"}).

###### 

National crude rates of emergency hospital use for care home residents aged 65 or over across England

                                                          Residential care homes   Nursing homes
  ------------------------------------------------------- ------------------------ ---------------
  Total number of residents in England\*                  66 236                   81 491
  Person-years of follow-up                               45 639                   48 758
  Crude rates (number per person per year) for outcomes                            
  Potentially avoidable emergency admissions              0.39                     0.36
  Emergency admissions                                    1.04                     0.87
  A&E attendances                                         1.44                     1.10

\*Residents aged 65 or over moving to care homes caring for older people during the period mid-January 2015 to mid-January 2017 in England. The same inclusion/exclusion criteria were applied as in the main analysis.

A&E, Accident & Emergency.

Discussion {#s4}
==========

In residential care homes, Principia residents experienced fewer potentially avoidable emergency admissions, emergency admissions and A&E attendances than matched control residents. In nursing homes, the results were inconclusive as to whether Principia residents experienced more or fewer emergency hospital activity than the matched control group. The difference in results between residential and nursing homes was statistically significant. Before considering what these findings might imply for the impact of the enhanced support, it is necessary to acknowledge the strengths and limitations of the study.

Strengths and limitations of this study {#s4-1}
---------------------------------------

A well-known issue with observational studies is that, in the absence of randomisation, there may be differences between the groups that could confound estimates of treatment effectiveness. Here, we compared the hospital use of Principia care home residents with the hospital use of a retrospectively matched control group, formed of residents moving to care homes in six other local authorities in England. These areas were chosen for having similar demographic and socioeconomic characteristics to Rushcliffe, as well as similar per capita rates of emergency admissions. The matching algorithm ensured that the matched control residents had broadly similar characteristics as Principia residents at the point of moving to the care home (including age, gender, health conditions and prior hospital use) and also moved to care homes with similar characteristics. The analysis allowed for further risk adjustment to be made at the multivariable regression stage. Notwithstanding this, there may be unobserved differences that may have affected the estimated rate ratios. For example, the groups might differ in social isolation, or the areas might differ in terms of their healthcare provision. Coding practices within administrative hospital records can also vary between hospitals.[@R81] We somewhat reduced the risk of unobserved confounding by selecting matched controls from six (rather than one) different comparison areas. Furthermore, it is reassuring that the outcomes in residential and nursing homes are different, as unobserved differences in hospital practices or coding would be expected to confound outcomes in both care home types. We were also reassured that there were no significant differences in mortality rates between the Principia and the matched control subgroups; as it was not expected that the Principia enhanced support would have a substantial effect on mortality, this lends further reassurance that the compared resident groups were similar.

One observation is that the matched control residents in the nursing subgroups experienced much less emergency hospital use than the national average ([tables 3 and 5](#T3 T5){ref-type="table"}). Although there is no reason to expect these rates to be the same, this result could mean that nursing homes in the control group were offering particularly good care, making it more difficult to detect a significant improvement in Principia nursing homes. To investigate this possibility, we performed a sensitivity analysis removing one comparison area at a time. This indicated that no single comparison area was driving the results (results not shown).

Both the evaluation of the enhanced support and the national analysis were based on the subset of residents who moved to a care home during the study period and had a history of prior hospital use. Their rates of hospital use may differ from those of the overall care home population.

A strength of our study is that we linked administrative hospital records to CQC data and information derived from patient registration data. This resulted in a database containing the hospital histories of every care home resident in the selected areas, without the problems of non-response that can be encountered in study designs that use survey data. However, we could only identify people as living in a care home when their addresses were updated on their GP record. This happens routinely when individuals move to care homes on a permanent basis, but we are likely to have excluded residents who moved to the care home temporarily. Also, as NHAIS extracts were only available from August 2014 onwards, we could not compare the rates of hospital admission between Principia and control care homes before the intervention was introduced. Furthermore, we did not examine other aspects of quality of care, such as quality of life, resident experience or medicine management.

The list of conditions for which emergency admissions are potentially avoidable was developed by the CQC.[@R67] As the focus of the CQC analysis was on older people experiencing health and social care, the list was not specific to care home residents. However, from a list of commonly defined ambulatory care sensitive conditions from the literature, CQC selected those that affected older patients particularly from care home postcodes, then added additional conditions that were considered to indicate potential poor care within the community or care home (eg, fractures and pressure sores).[@R68] Furthermore, the list captures some of the most common preventable causes of harm in care homes.[@R48] Further research is needed to validate the appropriateness of these conditions as a marker of avoidable admissions for the care home population. In the meantime, the data presented can only be taken as an illustration of the range of health conditions for which care home residents are admitted to hospital, some of which are potentially avoidable.

For the sensitivity analysis of national rates of emergency hospital use, commercial software was used to automate the address cleaning before electronically matching addresses. Our validation work showed that this method, although correctly identifying care home residents, underestimated the number of care home residents compared with manual matching. There is, however, no reason why this would have biased the results.

Subgroup analyses such as the ones presented in this paper can sometimes produce false positives. However, using published criteria to evaluate the credibility of subgroup analyses,[@R82] the subgroup difference here is considered very plausible. In particular, the subgroup analysis by care home type was specified a priori and was the only subgroup specified; care home type was determined at baseline; the comparison was made within, rather than between, studies; the interaction test was highly significant, suggesting a low likelihood that chance alone explained the apparent difference between residential and nursing homes; and the effect was consistent across several closely related outcomes relating to emergency hospital use.

Given the strengths and limitations described above, one plausible explanation for the difference in emergency hospital use in residential care homes is that the enhanced support reduced hospital use in residential care homes, although we could not altogether rule out confounding. The effect of enhanced support appears to be different between residential and nursing homes.

Mechanisms and interpretation {#s4-2}
-----------------------------

Assuming that the difference in rate ratios in emergency care between residential and nursing homes is due to a difference in impact of the enhanced support, there could be a number of contributing factors.

First, the intervention might have been applied differently in residential and nursing homes. For example, there were some differences in how the community nurse support and training operated, with residential care home staff receiving more training than nursing home staff. The training, which is not part of 'usual care' in care homes, might also have led to more regular contact between care home staff and community nurses in residential care homes, improving the quality of the relationships and helping to establish community nurses as a useful point of contact when care home staff are concerned about a resident's health, rather than relying on emergency services.[@R21]

Second, residents of residential care homes might have been more amenable ('impactible')[@R83] to the additional support than residents of nursing homes since, while frail, they had in general fewer health conditions than nursing home residents. Nursing home residents, in contrast, had higher rates of health conditions such as cancer and chronic pulmonary disease and were more often nearing their end of life. Given nursing home residents' clinical history and the shorter average time spent in the home, there may be more limited scope to reduce their hospital use.

A third possibility is that the enhanced support was more effective in residential care homes than in nursing homes even if applied in the same way. Residential care homes do not have 24 hours' access to nursing expertise as in nursing homes, and so may have benefited more from the additional support from GPs and community nurses.[@R21]

A fourth possibility is that what qualifies as 'usual care' may differ between residential and nursing homes. In general, it is common for a care home to have residents registered with several different general practices and for the GP 'on call', rather than a regular named GP, to visit a resident if required.[@R84] However, it may be that nursing homes are on the whole benefitting from more regular GP contact than residential care homes.[@R43] This may be particularly true in the matched control nursing homes, which had on average lower rates of emergency hospital use than nursing homes nationally ([tables 3 and 5](#T3 T5){ref-type="table"}). This could be limiting the difference between 'usual care' and the enhanced support in nursing homes and thereby affect our ability to detect a difference in Principia care homes. Furthermore, nursing home residents in general have more well-defined and preterminal conditions[@R85] and are therefore more likely to have predicted medical pathways and more established end-of-life planning, even in the absence of the enhanced support. Staff may therefore feel more able to make decisions on whether or not to admit nursing home residents to hospital.

These last two hypotheses are supported by our observation that nationally, residential care home residents have higher rates of A&E attendances and emergency admission than nursing home residents, suggesting that there could be more potential to reduce emergency admissions among residents in those homes than in nursing homes. It may be that residential care home residents also often have complex healthcare needs[@R43] and that in the absence of clinical knowledge, health problems may not be detected and addressed as early as they could be or managed as well,[@R52] or that staff do not feel confident to make decisions regarding their residents' health, therefore relying more on emergency services.[@R21] As such, the impact of additional GP and community nurse support, advice and training may be larger in residential care homes, increasing the staff's ability to proactively manage health risks and reducing their reliance on emergency services.

Several studies have pointed towards the importance of care home and NHS staff working together as partners[@R32] to codesign and implement concerted approaches to healthcare[@R15] and of acknowledging care home staff's knowledge and skills.[@R45] Nursing home staff include nurses with clinical expertise, who may feel more responsible for their residents' clinical needs than other care home staff. In nursing homes, improvement programmes may therefore require more engagement and emphasis on coproduction in order to build good working relationships and codevelop the elements of the intervention.

It is not possible to determine which of these---or other---intervention-specific or contextual factors contributed to the observed differences in emergency hospital use. A qualitative evaluation could shed light on the likelihood of and interplay between the above outlined factors.

Comparison with other studies {#s4-3}
-----------------------------

To our knowledge no previous studies have compared the impact of enhanced support interventions between residential and nursing homes in the way that we have. A recent evaluation of an EHCH vanguard programme implemented in Sutton CCG indicated that the enhanced care provided may have affected residents of nursing and residential care homes differently; however, this was not formally investigated.[@R33] More evaluations of the type we propose are needed to increase the evidence base on how improvement programmes are affected by the differing contextual factors in residential and nursing homes. Furthermore, complementing qualitative evaluations would help identify enablers and barriers to implementation, as well as the 'active ingredients' of such programmes, thereby helping improve the replicability and scalability of successful interventions.

Compared with other patient groups, there is little robust quantitative research into care in care homes. One reason for this is that there is no readily available database identifying care home residents in administrative data such as hospital records. Encouragingly, two other research teams have recently investigated or developed methods for identifying care home residents from patient addresses.[@R86] However, it is important that these data are routinely and consistently collected and easily accessible to both research teams and care providers, if we are to understand residents' healthcare needs, produce robust evaluations and ultimately improve care for this vulnerable patient group.

Conclusions {#s5}
===========

This study shows that people moving to residential care homes participating in the enhanced support experienced significantly fewer potentially avoidable emergency admissions, emergency admissions and A&E attendances than a matched control group. However, there was no evidence that people moving to participating nursing homes experienced lower hospital use. The impact of the enhanced support appears to differ between the two types of care homes.

It may be that improvement programmes such as the enhanced support have more potential to reduce emergency hospital use among residents in residential than nursing homes. Indeed, we observed in this study that nationally, residential care home residents tend to use more emergency hospital services than nursing home residents, even though we would expect them to be less sick, given that residential care homes do not provide in-house nursing support. There may be scope to reduce emergency admissions among nursing home residents but improvement programmes may need to be more tailored to the needs of nursing home residents and the context of providing care in that setting.

Given the ongoing policy changes in the English NHS and their emphasis on improving care in care homes,[@R10] this study may inform decisions about what interventions should be implemented and/or how they should be targeted, thereby helping to support implementation of care home interventions in the future.
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